We describe a new skink species (Oligosoma taumakae sp. nov.) from the Open Bay Islands, New Zealand. This species is diagnosed on the basis of several morphological characteristics, and its specific status is supported by mitochondrial sequence data (ND2, ND4). The new species appears to be most closely related to O. acrinasum, O. infrapunctatum, O. otagense and O. waimatense. The new taxon appears to be rare and endemic to the island of Taumaka in the Open Bay Islands (off the west coast of the South Island). Predation by a flightless rail (weka, Gallirallus australis), native to New Zealand but introduced to the Open Bay Islands, is a major conservation concern.
INTRODUCTION
The New Zealand archipelago supports a diverse endemic skink fauna, given the cool temperate climate, latitude, and relatively small land area Hickson et al. 2000; Gill & Whitaker 2001) . At present there are 28 described species in two genera, Oligosoma (22 species) and Cyclodina (six species) (Gill & Whitaker 2001) . However, the morphological conservatism evident within the New Zealand skink radiation conceals the complex taxonomic history and true diversity of this group (Hardy 1977; . Molecular studies have provided substantial insight into the taxonomy of New Zealand skinks, revealing a high incidence of cryptic species (e.g., Daugherty et al. 1990; Hickson et al. 2000) . In addition, putative new species continue to be discovered in remote regions of the country (Patterson 2002; Jewell & Tocher 2005) . Although many of these undescribed species have been known for some time, they are yet to be formally described (Patterson 2002 ). Here we describe a new skink species from the Open Bay Islands, off the west coast of the South Island of New Zealand.
The Open Bay group comprises two main islands (plus several smaller islets and rocks), Taumaka and Popotai. They are located approximately 5 km offshore of the Okuru River mouth, near Haast ( Fig.  1, 2) . Taumaka is the larger island (c. 20 ha, 660 m long and 260 m wide) and is separated from Popotai (400 m long and 200 m wide) by a narrow channel (Craig Miller 1997 . The bedrock is comprised of indurated, semi-crystalline contorted, Oligocène limestone with layers of muddy limestone, which is overlaid by a shallow (1.5-12 m) sheet of glacial till (Mutch & McKellar 1964; Burrows 1972; Craig Miller 1997 . The summit of Taumaka is a shrub covered plateau approximately 21m above sea level, with large glacial boulders scattered across the island (Burrows 1972) . The vegetation on both islands is dominated by a dense cover of shrubs (kiekie, Freycinetia banksii) , and small trees (mahoe, Melicytus ramiflorus) (Cockayne 1904; Burrows New Zealand Journal of Zoology, 2007, vol. 34 Opeo Bay Islands Fig. 1 Map of the Open Bay islands (Taumaka and Popotai), with the inset indicating their location off the coast of haast in the South island of New Zealand (adapted from Craig Miller 1999 ). 1972 . A native climber (pohuehue, Muehlenbeckia australis) is widespread on the edges of the shrubland and within the canopy. Detailed surveys of the fauna of the Open Bay islands have been limited to birds (Stirling & Johns 1969) and arachnids (Skeel 1974) . Although introduced mammals are not known ever to have reached the islands, the introduction of weka (a native flightless rail, Gallirallus australis) from the South island in the early 1900s is believed to have had an adverse impact on the flora and fauna of the islands (Stirling & Johns 1969; Burrows 1972; Craig Miller 1997 .
The Open Bay islands support several endemic species, including a terrestrial leech (Hirudobdella antipodum; Craig Miller 1997 and an undescribed gecko species (aff. Hoplodactylus granulatus, hitchmough 1997; Whitaker & lyall 2004; hitchmough et al. 2007 ). Skinks were not observed on the Open Bay islands until 1988, when researchers discovered them under roofing iron placed next to a hut on Taumaka (Patterson 2002;  fig. 3 A) . Morphological examination of one specimen suggested that it closely resembled the speckled skink, O. infrapunctatum (Patterson 2002; Whitaker & lyall 2004) , but preliminary allozyme data indicated that it was a distinct taxon, closely related to the scree skink, O. waimatense (Clare Miller 1999) . Subsequent morphological analysis identified several characters distinguishing the specimen from O. infrapunctatum. Thus, although both the morphological and allozyme data provide strong evidence for its specific status, its exact phylogenetic affinities are unknown. Whitaker & lyall (2004) listed description of this taxon as a research priority, along with determination of its phylogenetic affinities. Here, we formally describe the Open Bay islands skink on the basis of morphological characteristics and mitochondrial sequence data (ND2, ND4) and provide evidence of its taxonomic affinities. Formal description will provide a framework for future research on the biology and ecology of this species, facilitating improved conservation management.
MATeRIAls AND MeThODs

Morphological analyses
The species description is based on two specimens of the Open Bay islands skink from Taumaka island, Open Bay islands (Appendix 1). This species appears to be extremely rare on Taumaka island (Whitaker & lyall 2004) , and these two specimens are believed to be the only animals ever collected from the island. Descriptions of morphology follow the techniques described in , 1994 . Midbody scale rows were counted at the midpoint between the fore-and hind legs. ventral scales were counted in a line from the mental scale to the vent (including the mental and one preanal scale). The subdigital lamellae were counted on the fourth hind toe of the right foot. Diagnostic head scales were counted (see ). The following nine measurements (mm) were made on all specimens: axilla to groin (AG), snout to axilla (Sf), snout to ear (S-e), ear to axilla (ef), head length (hl) from the posterior part of the interparietal to the tip of the snout, head width (hW) between the lateral edges of the left and right parietals, intact tail length, fourth hind toe length from base of toe to tip excluding nail (fTl), and snout-vent length (Svl) , 1994 .
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Mitochondrial DNA analyses
Taxonomic sampling
Tissue samples were obtained from the same two specimens of the Open Bay islands skink used for the morphological analyses (Table 1; fig. 1 O. zelandicum) and Cyclodina (C. oliveri) species were included as outgroups in the study (Table 1) . Samples were obtained from the National frozen Tissue Collection (NfTC, victoria University of Wellington, New Zealand) and an ethanol preserved specimen housed at Te Papa (National Museum of New Zealand, Wellington).
DNA extraction, amplification and sequencing
Total genomic DNA was extracted from liver, toe or tail samples using a modified phenol-chloroform extraction protocol (Sambrook et al. 1989 ). for each sample we targeted portions of the mitochondrial genes ND2 (c. 600 bp) and ND4 (c. 850 bp, incorporating most of the flanking 3 tRNA cluster, including the histidine and serine tRNA genes). These regions were targeted because work at comparable taxonomic levels in other squamate reptile groups has indicated useful levels of variability (Chapple & Keogh 2004; Chapple et al. 2004 Chapple et al. , 2005 Keogh et al. 2005) .
Several primers were used to amplify and sequence ND2 (l4437, Macey et al. 1997; ND2r102, Sadlier et al. 2004 ) ND4 (ND4i, tRNA-leu, forstner et al. 1995; ND4R-NZ, 5 CCAAGRGTTTTGGTGCCTAAGACC3 , Greaves et al. 2007 ). PCR and sequencing were conducted as outlined in Greaves et al. (2007) .
Sequence data were edited using Contigexpress version 9.1.0 (invitrogen), and aligned using the default parameters of Clustal X (Thompson et al. 1997) . The aligned sequences were translated into amino acid sequences using the vertebrate mitochondrial code to check whether the sequences were truly mitochondrial in origin. As no premature stop codons were observed (apart from within the tRNAs flanking the ND4 sequence) and no indels were present, we conclude that all sequences obtained are true mitochondrial copies. GenBank accession numbers for all sequences are provided in Table 1 .
Phylogenetic analyses
We completed a partition homogeneity test in PAUP* version 4.0b 10 (Swofford 2002) to confirm that the phylogenetic signal from ND2 and ND4 was concordant (100 replicates, P=0.55) prior to concatenating the sequences for each sample into a single dataset. A maximum parsimony (MP) tree was generated in PAUP* using the heuristic search option. ModelTest 3.7 (Posada & Crandall 1998 ) was used to determine the most appropriate model of evolution for our dataset, generating log-likelihood scores for the dataset in PAUP* and conducting a hierarchical likelihood ratio test (hRlT). Base frequencies, substitution rates, gamma distribution (G), the proportion of invariant sites (i) and the among-site substitution rate variation were estimated in ModelTest, with these values implemented in PAUP* to generate a maximum likelihood (Ml) tree.
Bayesian analyses were completed using the computer program MrBayes 3.1.2 (huelsenbeck & 
ResUlTs species description
Genus Oligosoma Girard, 1857
Oligosoma taumakae sp. nov. Upper ciliaries 6-7; lower ciliaries 9-12; nuchals 3-4 pairs; midbody scale rows 32-34; ventral scale rows 72-76; subdigital lamellae 21 (n = 2); supraciliaries 5; suboculars 7. Maximum Svl 78.9 mm (shrinkage about 5% based on original records).
Ratios for morphological measurements (Re5327 then fT311) (actual measurements in mm provided in parentheses): AG/Sf 1.2(27/22.6), 1.3(37.9/28.6); S-e/ef 1.1 (11.5/11), 0.9 (14.2/15.3); hl/hW 1.6 (9.6/6), 1.45 (10.7/7.4); fTl 6.8, 9.3 (Table 2) . Neither specimen had an intact tail. ear opening round, moderately large, with one or more projecting granules on anterior margin. forelimbs shorter than fig. 2) , and O. taumakae is the only skink species present on the Open Bay islands, identification of this new species should prove relatively straightforward.
ETYMOLOGY: from Taumaka island, the type locality. Common name is the Open Bay islands skink.
DISTRIBUTION AND ECOLOGY: Oligosoma taumakae
is known only from the island of Taumaka in the Open Bay islands off the south Westland coast of haast (Whitaker & lyall 2004) . The biology, ecology and life history of this species is poorly known, although it is believed to have a low population density (Whitaker & lyall 2004) . Surveys over the past two decades have reported limited sightings of O. taumakae (<10 individuals per survey), with skinks predominantly observed in locations that are inaccessible to weka (Miskelly 1993) . The skinks are most commonly sighted in a pile of wood and corrugated iron near the hut on the island, within the wall linings of the hut, and on a rock face just below the hut (Miskelly 1993) . however, two individuals have been found halfway down the island on a slab of limestone covered in a cloak of the creeping vine, Muehlenbeckia australis (Peter Carey pers. comm.). it is a diurnal species that inhabits coastal forest, shrubland and supralittoral vegetation (sedge, tussocks and ferns) (Patterson 2002; Whitaker & lyall 2004) . Oligosoma taumakae is believed to be viviparous. The largest individual caught had a Svl of 92 mm and a mass of c. 20 g (Miskelly 1993; Whitaker & lyall 2004) . Although most skinks have been observed under cover, one individual has been observed actively basking (A. h. Whitaker pers. obs.).
REMARKS:
Oligosoma taumakae is currently listed in New Zealand as Nationally Critical (Data Poor, One location; hitchmough et al. 2007). its conservation status is based primarily on it being restricted to a single island locality (20 ha). The formal description of O. taumakae will act to consolidate its conservation status in New Zealand and provide the basis for future research on this poorly known species.
Mitochondrial DNA analyses
following concatenation, the edited alignment comprised 1324 characters (550 bp ND2, 774 bp ND4), of which 404 (31%) were variable and 290 (22%) were parsimony-informative. for the ingroup only, the alignment contained 270 (20%) variable characters of which 225 (17%) were parsimonyinformative. Base frequencies were unequal (A = 0.331, T = 0.245, C = 0.292, G = 0.132), but a χ test confirmed the homogeneity of base frequencies among sequences (d.f. = 36, P = 0.328).
The hRlT from ModelTest supported the hKY + i + G substitution model as the most appropriate for our dataset (-ln l = 4964.0957). Parameters estimated under this model were: relative substitution rates (A C = 4.13, A G = 36.22, A T = 2.86, C G = 2.90, C T = 31.93, G T = 1.00), gamma shape parameter (1.5991) and proportion of invariable sites (0.5784). The topology of the MP, Ml and Bayesian trees was identical. figure 4 shows the optimal Ml tree (-ln l = 5292.577), with bootstrap values and posterior probabilities indicating branch support. Oligosoma taumakae forms an extremely well-supported clade within the phylogeny (bootstrap 100, posterior probability 1.0), although its closest relative is not resolved. The mean genetic distance between O. taumakae and the most closely related described species range between 0.0924 and 0.1036 (Table 3) , which is comparable to the mean genetic distance between other recognised species within the same clade (range 0.1056-0.1187). (Burrows 1972) , the introduction of weka sometime between 1905-12 may have had a significant impact on the fauna of the islands (Stirling & Johns 1969; Skeel 1974; Craig Miller 1997 . Weka have flourished on the islands since their introduction and are now widespread on Taumaka (Burrows 1972) . Soil disturbance as they search, scratch and dig for food is believed to have inhibited regeneration of the island's shrubby vegetation, even on relatively inaccessible cliff ledges (Burrows 1972) . The low density of ground dwelling invertebrates on the islands (Stirling & Johns 1969; but see Skeel 1974) and the restricted abundance and distribution of the endemic OpenBay Islands leech (Craig Miller 1997 have been attributed to weka prédation. On the other hand, the only direct evidence for the adverse influence of weka on the fauna of the islands comes from an observation of weka destroying eggs from a spotted shag's (parekareka, Stictocarbo punctatus) nest (Stirling & Johns 1969) . The potential impact of weka on O. taumakae requires further investigation, since the skink's terrestrial and diurnal habits must make it highly accessible to weak prédation (Whitaker & Lyall 2004) . Weka have been suggested to be "voracious lizard predators" in other regions of New Zealand (reviewed in Whitaker & Lyall 2004) . The fact that most O. taumakae on Taumaka have been found in areas inaccessible to weka (e.g., under corrugated iron) suggests that weka are having an adverse impact on this skink (Craig Miller 1997) . Accordingly, the New Zealand Department of Conservation has recommended the control and/or eradication of weka from the Open Bay Islands (Whitaker & Lyall 2004) .
The Open Bay Islands support at least three endemic species, a leech (Craig Miller 1997 , an undescribed gecko (Hitchmough 1997; Whitaker & Lyall 2004; Hitchmough et al. 2007 ) and a skink (this study). However, the reason why there are endemic species on these islands has yet to be examined in detail. The Open Bay Islands are located 5 km off the west coast of the South Island, separated by a maximum water depth (at present) of about 45 m (Burrows 1972) . The islands were repeatedly connected to the South Island mainland during Pleistocene glacial cycles, including within the last 10 kyr (Cockayne 1904; Burrows 1972) . Taumaka has geological characteristics (e.g., outcrops of Landon limestone and glacial deposits) similar to those found at Jacksons Bay and near Martins Bay on the adjacent coast of the South Island (Cockayne 1904; Mutch & McKellar 1964; Burrows 1972) . The endemic fauna might therefore represent remnant populations of species that were once more widely distributed on the mainland South Island. Indeed, Whitaker & Lyall (2004) suggested that O. taumakae might not represent a primary endemic, and could exist in undiscovered populations on nearby islands (e.g., Popotai Island, Barn Islands, Cascade Island, Browne Island and Gorge Island) and/or coastal and lowland habitats between Paringa River and the Cascade River on the adjacent mainland. This possibility warrants future research and surveys in these areas. It is clear that further study is needed to improve our knowledge of the distribution, biology and ecology of O. taumakae in order to conserve this rare species.
